There is extensive evidence that acute stress induces an analgesic response in rats. On the other hand, repeatedly stressed animals may present the opposite effect, i.e., hyperalgesia. Furthermore, exposure to novelty is known to induce antinociception. The effects of repeated restraint stress on nociception after exposure to novelty, as measured by the tail-flick latency (TFL), were studied in adult male rats. The animals were stressed by restraint 1 h daily, 5 days a week for 40 days. The control group was not submitted to restraint. Nociception was assessed with a tail-flick apparatus. After being familiarized with the TFL apparatus, each group was subdivided into two other groups, i.e., with or without novelty. Animals were subjected to the TFL measurement twice. For the animals exposed to novelty, the first TFL measurement was made immediately before, and the second 2 min after a 2-min exposure to a new environment. While the control group presented an increased TFL after exposure to a novel environment, chronically stressed animals did not show this effect. These results suggest that repeated restraint stress induces an alteration in the nociceptive response, perhaps as a result of an alteration in endogenous opioids in these animals.
Individuals exposed to stressful conditions show an increase in pain threshold, known as stress-induced analgesia, which may present a different neurochemical basis related to stress severity (1, 2) . Consistent with these findings, we have observed that acutely stressed rats (both males and females) show higher tail-flick latencies (TFL) when compared to unstressed controls. However, when the animals were previously submitted to repeated restraint they showed an adaptation which varied according to sex.
Chronically stressed females presented no effect compared to controls, suggesting habituation, i.e., they did not respond to the stress session with the characteristic analgesic effect. Male rats showed a decrease in TFL characterizing a hyperalgesic response both in the basal state and just after exposure to restraint (3) .
Nociception has also been reported to be influenced by novelty (4) (5) (6) (7) . It has been shown that a 2-min exposure of rats to a novel environment is followed by mild antinoci-I.L.S. Torres et al.
ception, as measured by the tail-flick method (6) . The effect lasts 10 to 30 min and is not observed after a second exposure to the environment (6) . Since chronically stressed animals present a hyperalgesic response (3), this raises the possibility of alterations induced by chronic stress in a variety of components associated with the regulation of nociception. We report here the effects of repeated restraint stress on novelty-induced antinociception, as measured by the TFL.
Male adult Wistar rats (60-70 days, mean weight 230 g at the beginning of treatment) from our breeding stock were used. The animals were housed in groups of 8 per cage and kept under a normal 12-h dark/light cycle with food and water ad libitum.
The animals were stressed by restraint 1 h daily, 5 days a week for 40 days (3). Restraint was applied by placing the animal in a 25 x 7-cm plastic bottle with a 1 cm hole at the far end for breathing. The animal was unable to move. The control group was not submitted to restraint. Pilot experiments have shown that handled animals present no difference in TFL compared to animals that were left undisturbed in their home cages. These procedures were performed always between 10:00 and 12:00 h. During the behavioral tests, that were carried out in the afternoon, the restraint sessions were maintained.
Nociception was assessed with a tailflick apparatus. Rats were wrapped in a towel and placed on the apparatus; the light source positioned below the tail was focused on a point 2.3 cm rostral to the tip of the tail. Deflection of the tail activated a photocell and automatically terminated the trial. Light intensity was adjusted so as to obtain a baseline TFL of 3 to 4 s. A cut-off time of 10 s was used to prevent tissue damage.
The general procedure was as follows (5). On day 1, subjects were first familiarized with the TFL apparatus, the rats were then placed alone in a waiting cage for 2 min, and then returned to their home cage. The waiting cage was similar to the home cages: a 65 x 25 x 25-cm Plexiglas cage whose floor was covered with sawdust. On day 2, each group was subdivided into two other groups, i.e., with or without novelty. Animals were subjected to the TFL measurement twice. For the animals exposed to novelty, the first TFL measurement was made immediately before, and the second 2 min after a 2-min exposure to a new environment (a 50 cm high, 40 x 60 cm open field made of wood, with a linoleum floor and a front wall made of glass). This time was chosen because the effect of novelty on nociception is maximum at this time (6) . Besides, it has been shown that the analgesic response to novelty is quite labile and susceptible to the influence of post-training stimuli from the environment (5). Between exposure to these situations and the second TFL measurement, the animals remained in the waiting cage. The second group (not exposed to novelty) was simply left in the waiting cage between the two TFL measurements.
Nociceptive data are expressed as percent maximum possible effect (%MPE) according to the following formula (8): %MPE = 100 x (postdrug latency -baseline latency)/(cut-off time -baseline latency).
Differences between the baseline latencies of control and repeatedly restrained rats were analyzed by the Student t-test. Twofactor analysis of variance (two-way ANOVA) was used to evaluate the effects of repeated stress treatment and exposure to novelty.
Results are shown in Figure 1 . TFL is expressed as mean %MPE ± SEM for the repeated restraint and control groups measured in animals exposed or not to novelty. Two-way ANOVA showed an effect of exposure to novelty (P<0.01) and a significant interaction between chronic treatment and novelty (P<0.05). As can be observed, control rats presented an increased latency after being exposed to novelty, while chronically stressed rats showed no significant difference.
In this report we showed the effect of repeated restraint stress on nociception in rats exposed to novelty. It was observed that control rats presented novelty-induced antinociception, in agreement with previous literature reports, suggesting that certain forms of novelty might alter pain sensitivity (e.g., 5). On the other hand, when testing chronically stressed rats, we observed no significant difference between pre-and post-novelty latencies.
Repeated exposure to the same aversive event can lead to a process of adaptation to that stimulus. For example, rats may develop tolerance to stress-induced antinociception by repeated exposure to stress (1, 3, 9) . Different neurotransmitter systems have been suggested to play a role in this stress desensitization process (10) (11) (12) , and interactions between stress and drugs that act on nociception have been studied in rats (8, 13, 14) . In addition, ACTH (adrenocorticotrophic hormone) and corticosteroids, which are released during stress situations, have been reported to have hyperalgesic properties (15, 16) . In the present study, however, the reduced effect on nociception induced by novelty in treated rats was possibly not due to higher corticosterone levels, since when measured after exposure to restraint on the last day of treatment its levels were much lower than after a single restraint (data not shown). Moreover, several hours after the last restraint session, repeatedly stressed rats presented a nonsignificant decrease in plasma corticosterone when compared to controls (data not shown).
The present results point to an interaction between the antinociceptive effect of novelty and the adaptation induced by repeated stress. The precise mechanism involved in the development of this effect is not known, and further investigation of this phenomenon is required.
